Oronasal bleeding that continues despite oronasal packs or recurs after removal of the oronasal packs is referred to as intractable oronasal bleeding, which is refractory to conventional treatments. Severe craniofacial injury or tumor in the nasal or paranasal cavity may cause intractable oronasal bleeding. These intractable cases are subsequently treated with surgical ligation or endovascular embolization of the bleeding arteries. While endovascular embolization has several merits compared to surgical ligation, the procedure needs attention because severe complications such as visual disturbance or cerebral infarction can occur. Therefore, comprehensive understanding of the head and neck vascular anatomy is essential for a more effective and safer endovascular treatment of intractable oronasal bleeding.
INTRODUCTION
Approximately 60% of the adult population has experienced at least one episode of epistaxis during their lifetimes. Fortunately, in most cases, the bleeding stops spontaneously, and only 6% of patients require medical care [1] . Prevalence of epistaxis is equal between males and females. Distribution of age shows a mild peak before 20 years and a prominent increase after 40 years of age [2, 3] . Epistaxis is classified into anterior and posterior bleeding, depending on the location of the occurrence. Most cases of epistaxis occur at the watershed area of the anterior nasal septum, known as the Little area. As this area is easily accessible, anterior nasal bleeding can usually be controlled by anterior nasal packing or local treatment [4] . Posterior bleeding less commonly occurs at the posterior watershed area [5] . When posterior nasal bleeding occurs, the success rate of using nasal packs has been reported to be between 48% and 83% [6] [7] [8] [9] .
Oronasal bleeding that continues despite oronasal packs or recurs after removal of the oronasal packs is referred to as intractable oronasal bleeding. Packing failure is due to the posterior location that makes it more difficult to access, absence of a hard structure to support the packing in patients with comminuted fracture, and large connective pathway between the oral and nasal cavities, resulting from a wide range of facial bone fractures.
These intractable cases are subsequently treated by surgical ligation or endovascular embolization of the bleeding arteries. Although the external coronary artery can be surgically ligated, it is not always effective because of the rich collateral cir culation of external carotid artery [10] [11] [12] . By contrast, endovascular embolization has several advantages. One can approach from the distal portion of the bleeding site, identify the bleeding site, and control multiple bleeding sites. Furthermore, general anesthesia is not needed and the procedure takes a short time [9, 11, [13] [14] [15] [16] . However, the procedure needs attention because complications such as involuntary migration of an embolic material, loss of vision, facial paralysis, and soft tissue necrosis may occur. As intractable oronasal bleeding is an urgent case, neuroradiologists should acquire full knowledge of the accurate anatomy for a safer and more effective treatment.
External carotid artery
The external carotid artery supplying the extracranial head and neck, and intracranial meninges gives off 8 branches as follows: superior thyroid, ascending pharyngeal, lingual, facial, occipital, posterior auricular, internal maxillary, and superficial temporal arteries. Among these branches, the internal maxillary, ascending pharyngeal, facial, lingual, and superior thyroidal arteries are related oronasal bleeding, which is also related to the ethmoidal artery, which branches off the ophthalmic artery of the internal carotid artery and supplies the nasal cavity roof. During embolization for oronasal bleeding, neuroradiologists should identify which vessels are bleeding and in which vessels severe complications occur, such as cerebral infarction or visual disturbance through dangerous anastomoses. These dangerous anastomoses are relevant to the internal maxillary, ascending pharyngeal, and facial arteries among the branches of the external carotid artery ( Table 1 ).
Nasal cavity supply
The sphenopalatine artery is the terminal branch of the distal internal maxillary artery and the main branch supplying the nasal cavity ( Fig. 1 ). Anterior and posterior ethmoidal arteries branching off the ophthalmic artery of the internal carotid artery supply the roof of the nasal cavity dominantly. Descending palatine artery branching off the distal internal maxillary artery supplies the floor of the nasal cavity dominantly, anastomosing with the ascending palatine artery branching off the facial artery [17, 18] .
Anterior epistaxis accounted for 95% of all cases of epistaxis; and posterior epistaxis, for 5% [5] . Nasal bleeding more commonly occurs at the anterior watershed area, known as the Kiesselbach plexus, which consists of the sphenopalatine artery, anterior ethmoidal artery, greater palatine artery of the descending palatine artery, and superior labial artery of the facial artery. Posterior bleeding less commonly occurs at the posterior watershed area, known as the Woodruff plexus, which consists of the sphenopalatine and posterior ethmoidal arteries [17, 18] .
Internal maxillary artery
The internal maxillary artery goes anteriorly through the space between the sphenomandibular ligament and ramus of the mandible, passing by the superficial or deep pterygoid muscle and then reaching the apex of the sphenopalatine fossa. It is divided into three segments by the lateral pterygoid muscle as follows: the mandibular, zygomatic (or pterygoid), and pterygopalatine segments [19, 20] . Internal maxillary artery is an important vascular structure not only for intractable oronasal bleeding but also for dangerous anastomoses that result in severe complications (Fig. 2 ).
First segment (or mandibular segment) is located before the lateral pterygoid muscle, which runs vertically and turns horizontally, going below the auriculotemporal nerve and coming along with the internal maxillary vein [21] . It branches off the anterior tympanic, middle meningeal, accessory meningeal, and inferior alveolar arteries.
Attention should be paid to dangerous anastomoses of the first segment, that is, in the middle and accessory meningeal arteries. Middle meningeal artery runs through the foramen spinosum and branches off the anterior convexity branches, posterior convexity branches, petrosquamosal branch, and petrosal branch, which supply most dura mater and facial nerves [19] . Anterior branch of the middle meningeal artery communicates with the ophthalmic artery via the recurrent meningeal artery through the superior orbital fissure and meningolacrimal artery through the canal of Hyrtl, and the petrosal branch of the middle meningeal artery also has anastomosis with the posterolateral branch of the inferolateral trunk [19, [22] [23] [24] . The accessory meningeal artery usually arises directly from either the middle meningeal artery or the mandibular or pterygoid segments of the internal maxillary. It runs anterosuperomedially, giving off its major terminal rami before the foramen ovale that supply the extracranial structures in this region. Then, it enters the cranium through the fora- men ovale and supplies the trigeminal ganglion and adjacent dura mater [25, 26] . It passes through the foramen ovale and communicates with the posteromedial branch of the inferolateral trunk [19, 22, 23] .
The second (zygomatic or pterygoid) segment has two courses, namely the superficial and deep courses. The superficial course passes lateral to the lateral pterygoid muscle, and the deep course passes medial to the lateral pterygoid muscle [19] . The former is more common than the latter, accounting for approximately 60% of the total course [27] . The superficial course usually arise from the middle and accessory meningeal arteries together by forming a common trunk, but the deep course usually arise from the middle and accessory meningeal arteries separately [22] . It branches off the anterior deep temporal, middle deep temporal, pterygoid, masseteric, and buccal arteries.
Anterior deep temporal artery can form dangerous anastomoses with the ophthalmic artery via the inferior branch of the lacrimal artery, which runs anterosuperiorly and supplies the temporal muscle [22, [28] [29] [30] .
The third (pterygopalatine) segment turns transversely at the entrance to the pterygopalatine fossa and reaches the apex of the fossa [19] . This segment goes inferiorly to the maxillary nerve and comes along with the maxillary vein. The third segment branches as follows: the posterior superior alveolar artery, infraorbital artery, descending palatine artery, sphenopalatine artery, pharyngeal (or palatovaginal) artery, artery of the foramen rotundum, and artery of the pterygoid canal (or Vidian artery). The 2 most important branches related to oronasal bleeding in this segment are the sphenopalatine and descending palatine arteries. The sphenopalatine artery goes through the sphenopalatine foramen and into the nasal cavity, and divides into both the medial and lateral branches supplying the wide region of the nasal cavity ( Fig. 3) . Lateral branches supply the nasal turbinates, and the medial branches supply the nasal septum [31, 32] . Sphenopalatine artery communicates with the anterior and posterior ethmoidal arteries branching off the lacrimal artery of the ophthalmic artery, which is frequently observed in large juvenile angiofibromas [22, 33] .
The descending palatine artery runs inferiorly, enters the pterygopalatine canal, and comes out of the greater and lesser palatine foramen, divided into the greater and lesser palatine arteries, respectively. The greater palatine artery supplies the hard palate mainly. Its terminal branch through the incisive foramen supplies the anterior nasal septum being part of the Kiesselbach plexus, or the Little area [20] . The lesser palatine artery supplies the soft palate and palatine tonsils (Fig. 4) .
The infraorbital artery runs below the orbit, gives off several orbital branches just before entering the infraorbital canal, and passes through the infraorbital foramen ( Fig. 5 ). Among these branches, the medial branch group supplies the inferior eyelids and nasolacrimal canal, and communicates with the inferior muscular and inferior medial palpebral arteries [34] . Among these branches, the anterior superior alveolar artery supplies the upper incisors and mucous membrane of the maxillary sinus anastomosing with the posterior superior alveolar artery of the internal maxillary artery [35] . After passing through the infraorbital foramen, the end of the infraorbital canal, its branches communicate with the branches of the facial artery or transverse facial artery [36] .
In this third segment, dangerous anastomoses are related to the Vidian artery and artery of foramen rotundum. The former runs horizontally and forms the Vidian anastomotic system, which consists of the mandibular artery of the petrous internal carotid artery, accessory meningeal artery, and superior pharyngeal branches of the ascending pharyngeal artery [37] [38] [39] [40] . The latter runs through foramen rotundum, which appears as a corkscrew and anastomoses with the anterolateral branch of the inferolateral trunk ( Fig. 6) [41, 42] .
Ascending pharyngeal artery
The ascending pharyngeal artery is important in multiple clinical situations such as trauma, epistaxis, high-grade head and neck tumors, and vascular malformation. It divides into the pharyngeal trunk, located anteriorly and extracranially, and the neuromeningeal trunk, located posteriorly and intracranially (Fig. 7) . The latter enters the posterior fossa through the foramen magnum. Pharyngeal trunk branches into the superior, middle, and inferior pharyngeal arteries supplying the pharyngeal mucosal spaces, which include the Eustachian tube and fossa of the Rosenmuller fossa [43, 44] . Neuromeningeal trunk subdivides into the hypoglossal and jugular branches supplying the meninges of the posterior fossa and the vasa nervorum of cranial nerves XII, IX, X, and XI, respectively [45, 46] .
Several dangerous anastomoses also occur between the ascending pharyngeal artery and branches of the internal carotid artery (Fig. 8) . The superior pharyngeal branches of the pharyngeal trunk are part of the previously mentioned Vidian anastomotic system and communicate with the recurrent ar-tery of the foramen lacerum, which usually branches off the inferolateral trunk but may also branch off the meningohypophyseal trunk [19, 22, 44] . Among the branches of the neuromeningeal trunk, hypoglossal and jugular branches communicate with the meningohypophyseal trunk supplying the hypoglossal and jugular nerves, respectively. The odontoid arcade, which usually arises from the proximal cervical portion of the neuromeningeal trunk and may arise from the main ascending pharyngeal artery, communicates with the vertebral artery [44, 47, 48] . 
Facial, lingual, and superior thyroid arteries
The incidence of cases where the facial, lingual, and superior thyroid arteries branch separately is reported to be 56.3%, and that of cases of a common trunk of the facial and lingual arteries is reported to be 31.3%. Cases with a common trunk of the superior thyroid and lingual arteries account for 12.5% of cases [49] .
Facial artery can divide into cervical and facial segments. Cervical segment includes the ascending palatine artery, ton- sillar branch, submental artery, and glandular branches, supplying the submandibular gland and floor of the mouth. Facial segment includes the inferior labial artery, superior labial artery, lateral nasal branch, and angular artery supplying the lips, chin, and anterior nasal cavity. According to a study, the branching patterns of the facial artery vary according to its termination. Forty-four percent has a lateral nasal artery at its termination; 36.3%, angular artery; 6.6%, superior labial artery; 5.5%, inferior labial artery; and 4.4%, forehead branch [49] . Angular artery may have anastomosis with the termination of the dorsal nasal artery of the ophthalmic artery [50, 51] . Septal branch branching off superior labial artery anastomoses with the sphenopalatine and ethmoidal vessels forming the Little area that is important in the treatment of epistaxis.
Lingual artery has three branches, namely the deep lingual, dorsal lingual, and sublingual arteries supplying the anterior tongue, posterior tongue, and mouth floor, respectively ( Fig.  9 ). Linguofacial collateral circle exists around the sublingual gland, anastomosing between the sublingual branch of the lingual artery and the submental branch of the facial artery ( Fig. 10) [52, 53] . In addition to supplying the gland, this circle gives rise to a medial mandibular branch that supplies the anterolateral surface of the body of the mandible.
Superior thyroidal artery runs anteroinferiorly and supplies the supraglottic area of the larynx branching off the infrahyoid, superior laryngeal, cricothyroid, and sternocleidomastoid arteries [54] . Intractable oronasal bleeding may occur at the damaged superior laryngeal artery (Fig. 11 ).
CONCLUSION
Severe craniofacial injury or tumor in the nasal or paranasal cavity may result in intractable oronasal bleeding, which is refractory to conventional treatments. Although these intractable cases subsequently can be treated with endovascular embolization of the bleeding arteries, severe complications such as visual disturbance or cerebral infarction may occur. Therefore, comprehensive understanding of the head and neck vascular anatomy is essential for more effective and safer endovascular treatment of intractable oronasal bleeding.
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